p<0.001) BP. These findings suggest that in unselected hypertensive patients, an ambulatory BP decline from day to night is associated with a lo*ei LV muscle mass. In these patients, a nocturnal reduction of systolic and diastolic BP by more than 104 Some findings suggest that echocardiographic LVH could be an independent predictor of cardiovascular morbidity9 and mortality. 10 The weak relation of casual BP to echocardiographic LVH1" becomes closer by using 24-hour BP averages obtained with noninvasive12'13 or intraarterial14 ambulatory blood pressure monitoring (ABPM).
Daytime BP, particularly that recorded during recurring stressful situations,13 seems to be more closely related to LVH than nighttime BP,1213 but in other studies, both awake and sleep BP correlated equally well with LV muscle mass,14 or nighttime BP showed a better relation to LV muscle mass than did daytime BP. 15 ABPM shows that, in hypertensive patients, daytime BP usually decreases during night.16"17 The degree and duration of nocturnal BP and wall stress reduction could, thus, influence development of cardiac structural changes in hypertensive patients but such hypothesis has never been specifically investigated.
Consequently, the present study was designed to examine the relation of BP decline from day to night to the echocardiographic parameters of LV anatomy in a large population of unselected hypertensive patients and healthy normotensive subjects undergoing 24-hour noninvasive ABPM.
Methods

Patient Population
One-hundred thirty-seven patients with essential hypertension (47% female) and 98 healthy normotensive subjects (49% female) were studied. They were consecutively chosen from patients with documented essential hypertension and healthy normotensive subjects examined in our Hypertensive patients were identified in a rather restricted rural area of 6,500 inhabitants by a group of general practitioners who referred all the subjects with supine diastolic BP of 90 mm Hg or higher to our hypertension clinic.
To be admitted to the study, supine diastolic BP had to be 90 mm Hg or higher in at least three visits at 1-week intervals, and all the four aforementioned criteria had to be fulfilled.
Healthy normotensive patients were voluntary subjects chosen among medical students, hospital staff, and other subjects examined for clinical check-up and found healthy.
Experimental Procedures Blood pressure measurements. Clinic BP was measured after 10 minutes of supine rest by using a Hawksley Random Zero manometer (phase 1 and 5) (Hawksley and Sons, Ltd., Lancing, West Sussex, England). Ambulatory BP was recorded by using the fully automatic unit ICR 5200 system (Spacelabs, Redmond, Washington) that, in our laboratory, showed a correlation of 0.97 with both systolic and diastolic pressures measured simultaneously on the same arm (by a Y connector) with a mercury sphygmomanometer. 19 Others have reported a similar correlation using the same unit. 20 The reading, editing, and analysis of data provided by the unit was done by the ABP5600 interface (Spacelabs, Redmond, Washington) installed on an IBM/XT personal computer. Forty-three subjects, most of whom were affected by long-term obstructive lung disease or obesity, were excluded from the study because of unsatisfactory echocardiographic tracings. Forty-two treated patients with complicated or severe hypertension were not investigated because it would have been unethical to discontinue therapy.
Relative wall thickness (RWT)22 and crosssectional area (CSA)23 were calculated as previously described. Fractional shortening (FS) was calculated according to the formula: FS(%)= {(LVIDdLVIDs)/LVIDd }*100.
Nocturnal Blood Pressure Behavior
Study subjects were divided into two groups by the presence (group 1) or absence (group 2) of significant nocturnal BP reduction, defined as daytime (6:00 AM to 8:00 PM) systolic and diastolic BP averages decreasing by more than 10% during night (8:00 PM to 6:00 AM).
Statistical Analysis
All data were handled and stored by using the DBASE III software, and analyzed by using the BMDP package24 (1985 version) installed on an IBM AT/3 personal computer. One-way analysis of variance (ANOVA) and nonparametric tests were used to compare the groups in their demographic, blood pressure, and heart rate findings. Analysis of covariance (ANCOVA) (age, sex, height, and daytime ambulatory systolic and diastolic BP acting as simultaneous covariates) was used to compare the normotensive group, the hypertensive subgroup with, and the hypertensive subgroup without nocturnal BP fall in the echocardiographic parameters (Plv routine of BMDP). Multiple comparison between the groups were performed on the adjusted data by using the t statistics.24p values less than 0.05 were considered statistically significant.
Results
The main characteristics of the study population, including the statistical significance of differences between hypertensives and normotensives, are reported in Table 1 . Hypertensive patients and normotensive controls did not differ for age, height, weight, sex prevalence, and body surface area. The heart rate, both casual and ambulatory, was slightly higher in the hypertensive group. Prevalence of LVH, defined as LV mass index above 120 g/m2 25, 26 was 14.6% in the hypertensive groups.
Reproducibility ofAmbulatory Blood Pressure Figure 1 shows the hourly ambulatory BP None of the relations between percentage of nocturnal decline of systolic or diastolic BP and echocardiographic measures of LV anatomy was statistically significant in the normotensive group.
Discussion
In agreement with previous investigations,12-14 our findings confirm that ambulatory BP is more closely related to LV muscle mass than is casual BP. The most important finding, however, of this study was the inverse relation between nocturnal BP decline and LV muscle mass in a large population of unselected and untreated patients with essential hypertension. Table 2 ).
In the study by Devereux et A constant finding in this and other studies12-15 is the generally closer relation of systolic over diastolic BP to the degree of hypertrophy, another evidence that wall stress, which is mostly related to systolic BP, is a key factor influencing LVH development.
In our normotensive population, the relation of ambulatory BP to the echocardiographic parameters of LV anatomy was slightly closer using daytime values, whereas in the hypertensive population, it was closer with nighttime values. We referred to nighttime BP, and not to sleep BP, because in our experience, sleep can be interrupted by cuff inflation and accompanying noise. Thus, one cannot be confident that all indirect BP measurements over a given nocturnal period have been really obtained during sleep.
As shown with intra-arterial16 and noninvasive31 In another study13 with noninvasive monitoring, BP reduction from day to night was similar in the presence versus absence of LVH. In a recent preliminary report, Lang et a134 have shown increased values of LV mass in 20 patients diagnosed as having both diurnal and nocturnal hypertension, in comparison with values in 10 patients with only daytime hypertension. In our study, patients with and without nighttime BP reduction by more than 10% of daytime values slightly differed for age, but not for other variables that might have independently influenced LV muscle mass, such as sex, height, weight, body surface area, duration of hypertension, renal function, prevalence of diabetes mellitus, and funduscopic changes. Also, casual BP and ambulatory BP during the day did not differ significantly between the groups, however, both being slightly higher in the group with a smaller nocturnal BP decline.
Therefore, only nighttime ambulatory BP disclosed a very evident differentiation between the two hypertensive groups. All the echocardiographic indexes of LVH, after adjustment for age differences, sex differences, height differences, and daytime systolic and diastolic BP differences, were increased in the group of hypertensive patients with a smaller nocturnal BP decline, and the prevalence of LVH was increased in this latter group.
Thus, the differences in LV muscle mass between the groups appeared to be mostly explained by the different nocturnal BP decline. The inverse relation between percentage of nocturnal reduction of systolic and diastolic BP and degree of LVH gives further support to this point.
Conclusions
The prognostic and therapeutic implications of the changes in blood pressure from day to night are still unknown. It has been suggested that hypertensive patients losing nocturnal BP reduction as detected with noninvasive monitoring might be at higher risk of stroke. 35 The findings of this study support the concept that the duration of exposure to increased levels of BP and wall stress over the 24 hours can play an important role in the pathogenesis of LVH in unselected patients with arterial hypertension. In these patients, a nocturnal reduction of systolic and diastolic BP by more than 10% of daytime values can exert the beneficial effect of delaying or preventing development of cardiac LVH.
